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This manual is compatible 
with 
the Probability Lab disk 


Version 1.x 


MECC warrants that it will, at its option, repair, replace, or return 
the purchase price of any product found by MECC to be defective 
in quality or for any other reason, and which is returned to MECC, 
postage paid. This warranty replaces and supersedes all other 
warranties stated or implied, including any warranty of design, 
merchantability, or fitness for a particular purpose or use. MECC 
will not be liable for any incidental, special, or consequennal 
damages resulting from any use of or defects in the product. 


© MECC 
3490 Lexington Avenue North 
St. Paul, MN 55126 


; ISBN 0-7929-0149-5 June 1990 


Copyright ©1990 by MECC. All rights reserved. This software and manual may not be copied or 

transferred to another medium except as permitted by U.S. Copyright Law or as authorized by 
we written agreement with MECC. Apple® and ProDOS® are registered trademarks of Apple Computer, 
Inc., of Cupertino, California. 


Library of Congress Cataloging-in-Publication Data 
Probability lab [computer file] . — Version 1.0. 


1 computer disk : sd., col. ; 3 1/2 in. + 1 manual. 

System requirements: Apple II series; 128K RAM; 
ProDOS; BASIC; 1 disk drive; monochrome or color monitor; 
printer (recommended). 

Title from ttle screen. 

Edition statement from disk label. 

Copy-protected. 

Audience: Grades 7-12. 

Issued also on 5 1/4 in. computer disk. 

Summary: A utility program that enables students to model 
problems found in textbooks, to investigate concepts or rules of 
probability, and to test ideas involving probability. Includes six 
experiments for use in probability lessons. 

Contents: Flip coins—Roll dice—Draw cards—[etc. ] 

*“A-262”—Disk label. 

1. Probabilitiies—Software. [1. Probabilines—Software] 

I. Minnesota Educational Computing Corporation. 
QA273.19.E4P76 1990 519.2 90-69819 
ISBN 0-7929-0149-5 
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THE PROGRAM AT A GLANCE 


The study of probability has become a very important part of mathematics. While the origins of 
sixteenth-century formal probability were rooted in gambling, the concepts and rules of 
probability have become essential tools not only for today’s decision makers in business, 
industry, and government, but also for each one of us during the daily conduct of our life. 
Whether preparing an annual budget for a large corporation based on past performance and 
market research or planning a weekend outing based on weather reports, probability plays a 
significant role in wise decision-making. 


Probability Lab is a learning tool that can help students develop concepts and test different 
hypotheses related to the study of probability. Providing students with opportunities to 
experiment with probability and design models simulating probability problems helps students 
distinguish between experimental probability and theoretical probability and learn basic 
probability concepts by using realistic models. 


Doing real experiments with real objects is both important and fun for students; it is often 
difficult, however, to conduct enough trials to gain an accurate sense of the probability that a 
given event will occur. For example, flipping a single coin 100 times and recording how many 
times “heads” occurred would be a relatively simple experiment for most students to complete. 
But flipping ten coins 100 times and recording how many times exactly “‘seven heads and three 
tails” occurred would be both difficult and tme-consuming. This is where Probability Lab can 
be quite helpful. Not only will students be able to design more complex experiments and gather 
data from many trials in a short amount of time, but they will also be able to look for trends and 
relationships in a series of related probability experiments. In fact, by using an Apple IIGS set at 
fast speed, it 1s possible to accurately simulate 1,000,000 flips of a single coin and record the 
results in less than fifteen minutes! 


Probability Lab provides both variety and flexibility. Many of the experiments suggested for 
use in probability lessons usually involve events with either two or six possible outcomes in 
order to allow you to use coins or dice to simulate the problem. With Probability Lab, you are 
able to use up to ten coins or dice, a standard deck of playing cards, up to five wheels (or 
spinners as they are sometimes referred to), a bag of up to 100 assorted marbles, or a number 
board containing up to 100 numbers. For added flexibility, you can even customize some of 
these items. For example, your dice can have from two to twenty faces and the wheels (spinners) 
can have up to twenty items per wheel, selected from six different objects. 


Probability Lab is a utility program and can be used by individual students, small groups, or a 
@ large group with the aid of a projection system. It enables students to model problems found in 
oe textbooks, investigate concepts or rules of probability, and test ideas involving probability. 
Among the many features found in this package are: 


the choice to use coins, dice, cards, wheels, marbles, and numbers when designing an 
experiment; 

the ability to customize dice, spinners, marbles, and numbers; 

automatic success-checking for most experiments; 

the ability to set the number of trials per experiment to 1,000,000; 

an opportunity to predict success; 

a graphical “step mode” to witness individual tals; 

an “‘auto mode”’ for speed; 

an opportunity to see the expected success; 

the ability to record the first 100 trials of your experiment for further analysis; and, 
teacher options to regulate experiment availability and the use of predicted and 
expected success. 


OBJECTIVES 


After using Probability Lab, users will have had an opportunity to: 


solve probability problems experimentally; 

construct probability models to replicate real situations; 
predict the probability of success for an experiment; 

compare predictions to actual successes for experiments; and, 
conduct various probability investigations. 


EQUIPMENT REQUIRED 


The hardware requirements for using Probability Lab are: 


an Apple II series computer with at least 128K of memory; 
a single disk drive (3.5" or 5.25"); 

a monochrome or color monitor; and 

a printer (recommended, but not required). 
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A QUICK OVERVIEW OF EXPERIMENT TYPES 


Coin Experiments 


Flip from 1 to 10 coins per trial 

Up to 1,000,000 trials in an experiment 
Success can be defined in many ways 
Visual “step mode”’ or fast “auto mode” 
Option to predict success available 
Option to see expected success available 


Dice Experiments 


Roll from 1 to 10 dice per tal 
Customize dice to have from 2-20 faces 
Up to 1,000,000 trials in an experiment 
Success can be defined in many ways 
Visual “step mode” or fast “auto mode” 
Option to predict success available 
Option to see expected success available 


Card Experiments 


Draw from 1 to 10 cards per mal 
Reshuffle or discard after each draw 

Up to 1,000,000 trials in an experiment 
Success can be defined in many ways 
Visual “‘step mode”’ or fast “auto mode” 
Option to predict success available 
Option to see expected success available 


Successes [_—S 77 i] 
Trials completed 
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Outcome: 4 heads 


Space Bar: Next trial 
E: Exit 


Successes 
Triais completed 
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A: Auto mode 
7: Status 


EE 1 


87350 
Ld] me 36 1 ROE OF OS 


Outcome: Sum <- 26 


Space Bar: Next trial 
E: Exit 
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A: Auto mode 
7: Status 
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Outcome: 2 CAIs 


Space Bar: Next trial 
E: Exit 


A: Auto mode 


?;: Status 


A QUICK OVERVIEW OF EXPERIMENT TYPES (continued) 


Wheel Experiments 


Spin from 1 to 5 wheels per trial 

Place up to 20 objects on a wheel 

6 different types of objects available 

Up to 1,000,000 trials in an experiment 
Success can be defined in many ways 
Visual “‘step mode” or fast “auto mode” 
Option to predict success available 
Option to see expected success available 


Marble Experiments 


Draw from 1 to 10 marbles per mal 
Marble bag can hold up to 100 marbles 
6 different types (colors) of marbles 

Put back or leave out marbles after each 
draw 

Up to 1,000,000 trials in an experiment 
Success can be defined in many ways 
Visual “step mode” or fast “auto mode” 
Option to predict success available 
Option to see expected success available 


Number Experiments 


Pick from 1 to 10 numbers per experiment 
Computer picks up to 10 numbers per trial 
Use up to 100 numbers in your experiment 
Up to 1,000,000 trials in an experiment 
Success can be defined in many ways 
Visual “step mode”’ or fast “auto mode” 
Option to predict success available 

Option to see expected success available 


Successes 
Trials completed [_ 37590] 


Outcome: 1 Cappiedl 


Space Bar: Next trial A: Auto mode 
E: Exit ?7?: Status 


Successes [____91] 
Triais completed [1514] 


Outcome: 2 CAIs 


Space Bar: Next trial A: Auto mode 
E: Exit 7: Status 
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THINKING SKILLS 


Using Computer Software in a Thinking Skills Environment 


Teachers are faced with the tremendous task of preparing today’s students for tomorrow’s 
world—a world characterized by change in an information-rich environment. Thinking skills are 
at the heart of this thriving, changing environment, for these are the behaviors students must 
practice in school and continue to apply for the rest of their lives. 


It wasn’t long ago that thinking skills were considered exclusive to gifted and enrichment 
classes. Today, however, thinking skills are viewed as an essential component of the total school 
curriculum. Developing these skills is the goal of each individual discipline. Many educators 
have, in fact, come to view thinking skills as perhaps the most basic of the basic skills because 
they facilitate the acquisition of all other learning. 


At MECC, we view computer software as a vehicle for fostering students’ thinking. Our 
products are curriculum-based, with thinking skills as a thread within subject areas. This 
provides an environment with many opportunities for teachers to highlight and reinforce thinking 
skills. 


We believe teachers play a critical role in determining the classroom environment for thinking. 
Naturally, many teachers have taught thinking skills and will continue to do so using a variety of 
strategies. Our commitment 1s to provide teachers with the materials that help them do their job 
well: high-quality software that promotes the application of thinking skills. 


Our approach to thinking skills reflects what both research and effective classroom practice has 
shown. That is, the approach that is most effective and appeals to most teachers is one that 
infuses thinking skills into existing content areas. Educators have told us they are interested in 
thinking skills as a method used in the instruction of a topic, not as a subject. By infusing 
thinking skills into existing content areas, MECC products integrate easily into teachers’ 
curricula while providing a rich environment for students to practice skillful thinking. We strive 
to meet the challenge teachers face in promoting the skills that students need. 


If schools are to integrate the teaching of thinking with regular academic instruction, they need to 
know what aspects of thinking to teach. After exploring the research that has been done in the 
area of thinking skills, MECC has chosen as a base the Dimensions of Thinking framework, 
published in 1988 by the Association of Supervision and Curriculum Development (ASCD). We 
chose this framework because it pulls together research and models from a variety of sources and 
brings the theory to the classroom level, applying it to that environment. In addition to knowing 
the subject matter that is covered, teachers now.can see the specific thinking skills that are 
challenged within a product. 


This section of the manual highlights ways in which teachers can use Probability Lab to promote 
thinking skills with their students. The following pages provide examples of how Probability 
Lab relates to the ASCD core thinking skills framework. Although only one thinking skill per 
category is correlated to a specific part of the product, each skill can be practiced on many levels 
and in many aspects of the product. 


We realize the importance of thinking skills in the curriculum. We believe it 1s essential that 
students be taught thinking skills so that they have the tools to understand the past, deal with the 
present, and prepare for the future. We are confident that you will find Probability Lab of 
considerable value in your classroom as you foster student thinking. 
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THINKING SKILLS (continued) 


A Framework for Thinking | 


The components used in thinking are referred to as core thinking skills. This framework 
defines those skills that appear in the repertoire of the model learner. Each skill selected is 
documented in research as important to learning or thinking, is teachable, and is valued by 
educators as important for students to learn. | 


The core skills of the ASCD framework are listed and defined below with examples of 
applications within Probability Lab. The skills are neither discrete nor hierarchical. In fact, 
individual skills draw on other skills and can be used repeatedly in the thinking process. 
The selected examples are not exhaustive but highlight ways in which these thinking skills 
are used in Probability Lab. 


Source: Dimensions of Thinking, Association for Supervision and Curriculum Development (ASCD), 1988. 


Definition of Core Core Thinking Probability Lab 
Thinking Skills Categories Skills Components Application 


Focusing Skills allow In Probability Lab, students 
students to attend to selected select from among the six 
pieces of information and different probability 

ignore others. Focusing occurs experiments available to 
when students sense a problem, conduct. They determine the 
an issue, or a lack of meaning. components of their 
investigation and define the 
criteria they will use to 
determine success. 


Focusing Skills 
¢ Defining Problems 
¢ Setting Goals 


As each trial 1s conducted in 
a probability experiment, 
students must skillfully 
observe the number of times 
each trial meets their 
definition of success. 
Students begin to inquire 
about how factors such as the 
number of trials and the 
criteria for success influences 
their prediction. 


Information Gathering Skills 
¢ Observing 
¢ Formulating Questions 


Information Gathering Skills 
involve obtaining information 
and clarifying issues and 
meanings through inquiry. 


Remembering Skills are Remembering Skills 
those activities or strategies e Encoding 

that students consciously ¢ Recalling 

engage in to store and retrieve 

information from long-term 


Each experiment students 
conduct allows them to add to 
their existing knowledge base 
of information on probability. 
Students will draw on this 
knowledge of probability as 
they restructure their 
investigations in order to 
make accurate predictions. 


memory. Activating prior 
knowledge falls under this 
category. 


THINKING SKILLS (continued) a 


. using the students’ prior 


Organizing Skills are used 
to arrange information so 

that it can be understood or 
presented more effectively. 


Analyzing Skills are used to 
clarify existing information 
by examining parts and 
relationships. Through 
analysis, students identify 
and distinguish components, 
attributes, claims, 
assumptions, or reasoning. 


Generating Skills involve 


knowledge to add information 
beyond what is given. 
Connections between new 
ideas and prior knowledge are 
made as new information and 
ideas are recast into new 
structures. 


Integrating Skills involve 
putting together the relevant 
parts or aspects of a 
solution, understanding, 
principle, or composition 
and incorporating this 
integrated information into 
a new understanding. 


Evaluating Skills involve 
assessing the reasonableness 
and quality of ideas. 


Organizing Skills 
¢ Comparing 

e Classifying 

e Ordering 

¢ Representing 


Analyzing Skills 
e Identifying Attributes 
and Components 
¢ Identifying Relationships 
and Patterns 
¢ Identifying Main Ideas 
e Idenufying Errors 


Generating Skills 
¢ Inferring 

e Predicting 

e Elaborating 


Integrating Skills 
e Summarizing 
e Restructuring 


Evaluating Skills 
e Establishing Cniteria 
¢ Verifying 


| ~ Definition of Core Core Thinking Probability Lab 
| Thinking Skills Categories Skills Components 


Application 


After completing a prediction 
for a given experiment, 
students have the opportunity 
to compare their prediction to 
the actual rate of success. 
Students can also compare 
the theoretical probability of 
an event occurring with the 
experimental probability. 


Students can look for trends 
and relationships in a series 
of related probability 
experiments. Probability 
Lab retains the first 100 trials 
of an experiment for further 
analysis. 


Before actually starting an 
experiment in Probability 
Lab, the students will make a 
prediction regarding the 
experiment’s rate of success. 
Students can predict success 
by entering a percent or the 
actual number of successes. 


Students can structure other 
investigations and simulate the 
probability of an event by 
designing an appropriate 
model using Probability Lab. 
Investigations could simulate 
real-life experiences as 
students integrate the 
information they have already 
acquired. 


At this point, students can 
share the process and 
Strategies they employed to 
arrive at their prediction. 


A SAMPLE EXPERIMENT USING PROBABILITY LAB 


Before using Probability Lab with students, you should first familiarize yourself with the 
operation of the package and the features available. In some cases, you may discover that certain 
features can be regulated through the-use of Teacher Options (see pages 16-19) in order to better 
meet your needs and those of your students. This section takes you through the steps of a simple 
probability experiment to illustrate the process. It may be helpful to actually use the Probability 
Lab program while following the steps. 


Let’s take the traditional probability experiment of flipping some coins and, to show some of the 
power of Probability Lab, of flipping more than just a single coin. The procedure used in the 
following sample experiment will be basically the same for other types of probability 
experiments: 


Flip 8 coins at a time and find the probability that exactly 4 of the coins 
will be heads. Repeat this 10,000 times and record the results. 


Under normal circumstances, the above experiment would require many hours of tedious coin 
flipping. Now let’s see how it can be accurately simulated in just a few minutes! 


Step 1: Place the Probability Lab disk in the disk drive and turn on the computer. If accessing 
the package on a network, follow the instructions for your particular setup. After a few seconds, 
the main menu screen (Figure 1) will appear. Select the first menu item “Flip Coins” by pressing 
the Return Key. 


Probability Lab 


M Flip Coins | 
Roll Dice 
Draw Cards 
Spin Wheels 
Draw Marbies 
Pick Numbers 
Information 
End 


1 

2. 
3. 
. 
3. 
6. 
7. 
8. 


5H 


Use arrows to move. Press Return. 


Figure 1 
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A SAMPLE EXPERIMENT USING PROBABILITY LAB (continued) 


Step 2: Each type of experiment has a pre-set design with its current setting shown on the 
opening screen (Figure 2). After reading the description of this experiment, you will realize that 
changes must be made in order to run our sample experiment. Select “Yes” and a menu of 

¥ choices related to flipping coins will appear (Figure 3). 


Flip Coins: Current Settings Flip Coins: Change Settings 


Coins used (1-10) 


Flip 3 coins. Repeat 10000 times. 
Count all the triais with exactly 3 Number of triais 10000 
heads. 


Success is #H=-=3 
Predict success? Yes 


Do you want to make any changes? 


res Hf 


Use arrows to move. Press Return. S: Start experiment 


Figure 2 Figure 3 


Step 3: Make the appropriate changes to the current settings (Figure 4). If you are uncertain as 
to which keys to use in moving around and making changes, note the instructions at the bottom 
of the screen. Change the number of coins used to 8. Then redefine success for the experiment 
so that the program checks for all tals in which exactly 4 heads occur. Before doing this, 
however, a brief explanation might be helpful. 


Flip Coins: Change Settings 
Coins used (1-10) 8 
Number of triais 
Success is 


Predict success7? 


Arrows to move, Space Bar to change 
S: Start experiment 


v Figure 4 
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A SAMPLE EXPERIMENT USING PROBABILITY LAB (continued) 


Defining success and checking for it during an experiment is one of the most important aspects 
of the experiment. After all, of what value would it be to merely throw our 8 coins into the air 
and pick them up 10,000 times? The goal in this experiment is to determine in how many of the 
10,000 trials exactly 4 heads will occur. In order to accomplish this, one must carefully inspect 
each trial and determine whether or not it was a success with exactly 4 heads. But this isa 
tedious task and one that can easily be handled by the computer. Therefore, define success and 
let the computer do the checking and counting. 


Step 4: Place the cursor (inversed area) on the current definition of success (#H = 3) and press 
Return. You will then see a list of the different ways in which success can be defined for any 
coin experiment (Figure 5). Since you are interested in counting all trials in which exactly 4 
heads appear, choose the second option in the list. Choosing this option will result in two 
follow-up questions (Figure 6). The first will ask if you are looking for “heads”’ or “tails.” The 
second will ask how many (n) heads you are looking for. 


Flip Coins: Define Success Flip Coins: Define Success 


Count all triais with: 


no more than n heads Cor tails) 


exactly n heads ‘Cor tails) 


Count all the triais with exactly n 
heads Cor tails). 


Do you want heads or tails? heads 
at least n heads Cor tails> 


How many heads (nd) do you 
z 


all coins alike “either H or T) want (0-8)? 4 
at least x heads and y tails 


Do not define success 


Use arrows to move. Press Return. Enter value and press Return. 


Figure 5 Figure 6 


Step 5: Leave the final setting (Figure 7) regarding “Predict success” set on “Yes.” This simply 
means that before starting the actual experiment you will make a prediction as to what you think 
the rate of success will be for the experiment. Of course, you will want to do this in order to see 
how close you can get! Just press the S Key to start the experiment. 


Flip Coins: Change Settings 
Coins used (1-10) 8 
Number of triais 


Success is 


Predict success? 


Arrows to move, Space Bar to change j 
S: Start experiment Figure 7 


A SAMPLE EXPERIMENT USING PROBABILITY LAB (continued) 


Step 6: Our sample experiment was given to a group of junior high students during the testing 
phase of this package. Most of the students were certain that, because heads occur about 50% 
of the time in all coin flips, they would get exactly 4 heads about 50% of the time in this 
experiment. Consequently, 50% will be used as the prediction for this example (Figure 8). Of 
course, you can feel free to enter what ever you like. Once you enter your prediction, it will be 
translated to raw numbers (Figure 9) and you can determine if it sounds reasonable. If not, you 
will be given another opportunity to predict. 


Successes [____0] 
trials completed =e! || 


Successes [___—iOJ 


Triais completed 
BARNES ISTE Pr SST A ERNE 


Flip 8 coins. Repeat 10000 times. a 
Count alli the trials with exactly 4 
heads. 


Flip 8 coins. Repeat 10000 times. 


Count ali the triais with exactly 4 
heads. 


You predicted success on 30% of the 
trials (S000 out of 10000). 


On what percent of the trials do 
you predict that exactly 4 heads will 
appear? S08 re 


Does this : seem ‘reasonable? 


ii No 


— Enter Value and press Return. 


Figure 8 Figure 9 


Step 7: It is now time to mun the actual experiment. Start by pressing the Space Bar to see the 
next trial (in this case it 1s actually the first trial). Pressing the Space Bar will put you in a 
graphical “‘step mode” so that you can see each mal (Figure 10). Step through a few trials and 
note the two counters at the top of the screen. The top counter keeps track of all successful trials, 
while the second one keeps track of the total tmals completed. Pressing the ? Key will also give 
you the current settings and current rate of success for the experiment. 


Successes C____0 


Trials completed 


Outcome: 7 heads and i tail 


Space Bar: Next trial "A: Auto mode 
E: Exit 7: Status 


Figure 10 
bz 


A SAMPLE EXPERIMENT USING PROBABILITY LAB (continued) 


Step 8: Once you have assured yourself that the right number of coins are being used and that 
the computer is doing a good job of keeping track of successes, shift into “auto mode” by 
pressing the A Key and watch as the experiment is quickly simulated (Figure 11). The counters 
will be updated every 250 trials so that you can keep an eye on the progress. If you wish to 
revert back to step mode, just press the Space Bar. Within a few seconds, the experiment will be 


completed (Figure 12). 


Successes 
Trials completed [10000] [Teese 


End of experiment 


Successes i172 
Triais Trials completed [4251] 


Auto mode is ON 


Press SPACE BAR to pause 
E: Exit 


Press SPACE BAR to continue 


Figure 11 Figure 12 


Step 9: A summary screen will compare your prediction with the actual success of the 
experiment (Figure 13). If you have a printer attached, this summary can be printed by pressing 
the P Key. A review of the settings for the experiment can also be accessed by pressing the 

? Key. 


Successes 2724 
Trials completed 6000 
REE Ag AER IR EEREe ROETRORE) GK TRAE IR SOE tos SRY FY EL RE 


Success was ali the ealale TaIeh 
exactly 4 heads. 


Predicted _ 
success x 


Actual 
success 


Seeres ah ee NS So REPRE. ce eta <0 
Press SPACE BAR to continue 
P: Print ?: Settings 


Figure 13 
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A SAMPLE EXPERIMENT USING PROBABILITY LAB (continued) 


Step 10: The final menu screen allows you to go back and run another coin experiment or to 
view some of the results (Figure 14). While it would not be possible to save the actual outcomes 
for all 10,000 trials, the first 100 trials from each experiment are stored. This “sample space” (as 
it is often referred to in probability books) can be viewed or printed as an example for use in 
further study (Figure 15). 


Successes [___2724] 
Trials completed Ss TTT) 


Gukceme 


Flip Coins 


‘Do another experiment 


2. View/Print trial outcomes 


riIstiadtiiic 


3. Return to Main Menu 


CVONAULSWN 
LrIststTITIITIII.I 
nae ete yee 
larrd4arz 

be se os ope Se b> ste a pe ie 
Saas tatrTrTiraAts 
atadttataitict 


a 
p 


H 
T 
H 
a i 
H 
H 
T 
H 
T 
H 


(s%K=success) 


DERE ROSIE RH 1 ERE EEG 
Arrows to see more, Escape to exit. 


Use arrows to move. Press Return. ?: Settings 


Figure 14 Figure 15 


What’s next? Perhaps you are wondering what would happen if you ran the experiment 100,000 
times. Maybe you want to try a similar experiment using a different number of coins. Or 
perhaps you are curious about a different type of experiment. Spend some time exploring and try 
the many different options available. If you are uncertain how some features work or want to 
know more about some of them, consult the appropriate section of the manual. 
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TEACHER OPTIONS 


. Probability Lab has some special options that allow teachers to regulate some of the features 
contained in the package. To access the Teacher Options, press Control-A while viewing the 
main menu screen (Figure 1). The menu of Teacher Options will appear (Figure 2). 


Teachers Options 
Probability Lab wae 


Flip Coins Turn Experiments On/Off 


dhudub athat Regulate Experiment Design 
Draw Cards 
Spin Wheels Restore Default Settings 


Draw Marbies Printer Support 
Pick Numbers 

Information 

End 


ph Use arrows to move. Press Return. 
8 OG 35 08 eS we 6 RR 


encncnesce enes $8 FLIER SEEN ONS . : 
Use arrows to move. Press Return. ese ee 


Figure 1 Figure 2 


Turn Experiments On/Off 


The first option allows you to turn any of the experiments on or off (Figure 3). This enables you 
to select only those investigations that match the goals of your curriculum and the age and ability 
of your students. It can also be used in a situation where you want only a few experiments 
available at a time in order to properly sequence a unit of study or to ensure that students are 
using the desired experiments. At least one of the experiments must be left on. 


Turn Experiments On/Off 


- Flip Coins On 
- Roll Dice On 
- Draw Cards 

- Spin Wheels 

- Draw Marbies 

- Pick Numbers 


Arrows to move, Space Bar to change 
Escape: Teacher Options 


Figure 3 
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TEACHER OPTIONS (continued) 


Regulate Experiment Design 


The second option allows you to regulate some of the variables used in designing an experiment 
* (Figure 4). 


Regulate Experiment Design 


Maximum trials 
per experiment 
Cup to 1000000): 


Student must 


predict success? | * Student option 


Not available 


Show expected 
P<success) after Student option 


experiment? * Not available 


Predict success 
Arrows to move, Space Bar to change 
Escape: Teacher Options 


Figure 4 


The maximum number of mals per experiment can be set anywhere in the range of from 1 to 
1,000,000 trials. If the amount of time spent on an individual experiment is an important _ 
consideration, set this maximum to the appropriate limit. Charts are provided in each section to 
help you in determining the approximate time required in various situations for each type of 
experiment. 


Prior to the start of any experiment, the student can be asked to predict the rate of success for the 
experiment (Figure 5). If you want this to automatically happen, just check the “Yes”’ option. 

If you want this to be an option for the student, select “Student option.” If you prefer that 
predicting success is not available, just select the “Not available” option. 


Successes [____0] 


Trials completed 


Flip 3 coins. Repeat 10000 times. 
Count all the trials with exactly 3 
heads. 


=< On what percent of the trials do 
you predict that exactly 3 heads will 
appear? X / 


Enter value and press Return. 


Figure 5 
Ly 


TEACHER OPTIONS (continued) 


There are two ways in which students can enter their success predictions. Probably the easiest 


method is to enter a percent (Figure 6). There may, however, be situations where it would be 
more beneficial to enter the actual number of successes (Figure 7). You can set this option to 


either method. 


Guccesses [__—iOFJ 


Trials completed 


Flip 8 coins. Repeat 10000 times. 
Count all the triais with exactly 4 
heads. 


On what percent of the triais do 
you predict that exactly 4 heads will 
appear? re 


Enter value and press Return. 


Figure 6 


Successes [______0) 
Trials completed | i 0] ¥ 


Flip 8 coins. Repeat 10000 times. 


Count ali the triais with exactly 4 
heads. 


On how many trials Cout of 10000) 
do you predict that exactly 4 heads 
will appear? ® — 


Ot ERRORS te & eeetaEETS PE 
Enter value and press Return. 


Figure 7 


You can also regulate whether or not students are shown the expected probability of success 


[denoted as P (success)] after each experiment. Figure 8 illustrates this feature. By default, this 
option is not available. You will need to determine if this feature is in line with the goals of your 
lessons. If you are trying to get your students to develop an intuitive feeling for probability, you 
would not want to use this feature. If you were, however, trying to illustrate the differences 
between actual and expected outcomes, you would want to use this feature. 


Successes 
Trials completed 


Success was ali the triais with 
exactiy 4 heads. 


Predicted = 


success 


Actual 
success 


Expected _ 


success 


+s 


P: Print 


S07 


26.927 


27.347 


Press SPACE BAR to continue 


?: Settings 


Figure 8 
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TEACHER OPTIONS (continued) 


Restore Default Settings 


You can easily restore the default settings for the Teacher Options found on your disk (Figure 9). 
=i A summary of the default settings can be seen by pressing the ? Key. Figure 10 shows these 


settings. 


Restore Default Settings Restore Default Settings 


The original settings are: 
This option will restore the Teacher 
Options to their original settings. * all experiments on 

2 maximum triais = 1000000 
Are you sure you want to do this? 


predict success is optional 


show expected success is not 
available 


Yes EF 


enter prediction using percent 


Use arrows to move. Press Return. 


Escape: Teacher Options 7: Help - 
Press SPACE BAR to continue 


Figure 9 Figure 10 


Printer Support 


If you have a printer attached to your computer, you can print the summary information at the 
conclusion of each experiment. You are also able to print the first 100 outcomes from any 
experiment. If your printer does not work properly when trying to print this information, consult 
pages 56-57. 


19 


INTRODUCING STUDENTS TO PROBABILITY LAB 


After you have familiarized yourself with Probability Lab’s many features, introduce your 
students to its wide range of capabilities. Begin by choosing an example of an experiment that is 
easily understood by all (e.g., flipping a single coin a total of 10,000 times and noting the 
probability of getting a head). Demonstrate how to change the number of coins and number of 
trials that are used in the experiment. Be sure to have students predict what they think the rate of 
success will be. When running the actual experiment, start out in the “step mode” and point out 
how the counters at the top of the screen are keeping track of needed information. Press the ? 
Key to illustrate the “Status” function that describes the experiment and shows the current rate of 
success. Then, run the experiment again using two coins and find the probability of getting two 
heads. Finally, let students work together to design a coin experiment of their own. 


The type of modifications you choose to make on the above demonstration will, of course, 
depend on the type and amount of equipment you have available. If you have a large screen 
viewing system, you could first demonstrate the features to the entire class. If you have a lab 
setting, you may want to talk the group through the experiments together and answer questions 
that may arise. 


USING PROBABILITY LAB WITH A PURPOSE 


Having your students use Probability Lab on their own just because you happen to be doing a 
unit on probability will not be very productive. It would be similar to sending students to the 
science lab and just telling them to do some experiments. While a few may enjoy this freedom, 
most would not know where to begin! There are, however, many good ways to integrate 
Probability Lab into your lesson plans. 


1) Conducting probability experiments 


One of the primary uses of Probability Lab is, of course, for conducting experiments. You may 
have a specific experiment or series of experiments that is helpful in developing a particular 
probability concept or rule. Textbooks often suggest such experiments as enrichment activities. 
Conducting these experiments is both fun and important for students; however, only a very 
limited number of trials is usually possible within a class period and the experiments cannot be 
very complex. Probability Lab helps overcome these limitations. Be sure that students have a 
worksheet that clearly explains the experiment and provides for recording their findings and 
conclusions. Students will be able to simulate thousands of trials of quite complex situations 
during a single class period. Examples of worksheets for some specific experiments to develop 
various concepts have been included on pages 50-53. 


2) Checking textbook assignments 


Students can check and compare the theoretical probability (textbook solution) of an event with 
the experimental probability. This could be accomplished by simulating problems found in their 
textbooks that could be modeled using Probability Lab. By first doing a book problem 
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USING PROBABILITY LAB WITH A PURPOSE (continued) 


experimentally, students can gain a better understanding of the problem since they have visually 
seen it represented. On the other hand, by doing an experiment after working on the problem in 
their textbook can serve as a way to check students’ work and perhaps clarify their thinking. 
Either approach has sound instructional value. 


3) Designing fair games (or unfair ones) 


The topic of “fairness” is often associated with games and probability. A game is considered 
“fair” if all players have the same chance of winning. It is “unfair” if some players have a 
distinct advantage. Of course, players with an advantage may argue that such a situation is 
acceptable! An example of a “fair game” is drawing one card from a standard deck and noting 
the color. If the card is red, player A wins. If the card is black, player B wins. An example of 
an “unfair game” would be drawing a single card and noting the face value. If it is a king, player 
A wins. If it is not a king, player B wins. Player B has a very distinct advantage! Designing fair 
and unfair games is one way to get students to apply rules of probability to a situation that can be 
tested. Using Probability Lab, have each student design a game that they consider to be fair and 
then have them play the game with other students and keep track of their wins. Is the game 
really fair? The participants will quickly point out any advantages or disadvantages that seem to 
exist! 


A more advanced activity involving “fairness” might be to explore games of chance that pay out 
different amounts based on the “odds” of a given event happening. This system is based on 
games being “unfair” and regulating the amount of cash or prizes paid. These games are made 
attractive by offering large amounts of cash or prizes for winning. A good example of this is the 
lottery played in many states and countries. 


4) Math or science project utility 


If your students are given the opportunity to do math or science projects, some may want to 
explore a topic related to probability or one that requires a probabilistic model. In this case, 
Probability Lab could provide students with needed data or results for their project. 


5) Sampling populations 


Sampling a population in order to make predictions about the total population is an important 
topic in the study of probability and statistics. This process can be introduced and studied using 
the Draw Marbles experiment. Have someone customize the distribution of the marbles used in 
the experiment. (Do not let the rest of the class see the actual distribution of marble types.) 
Provide the class ahead of time with the total number of marbles and the size of the sample. 
Marbles can then be drawn to satisfy the desired sample size and students can write down their 
prediction as to what they think the total population will look like. Press the ? Key to reveal the 
actual makeup of the population. 
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GENERAL INFORMATION 


The same procedure is used to design and run all of the Probability Lab experiment types. A 
few differences, however, do exist in the available settings and ways to define success for each 
experiment. For example, the physical appearance of coins and cards cannot be modified, but 
dice can be modified to have different numbers of faces. If you have a basic understanding of 
the type of experiment you are using, running the experiment should not be difficult. 


Do not forget to check out the features available in the Teacher Options found on this disk. 
Information on accessing and using Teacher Options is found on pages 16-19. These options 
allow you to adapt the experiments to your particular needs and the needs of your students. 


Whenever probability experiments are conducted that require a random number, the validity of 
the experiment rests on the “randomness” of the random-number generator being used. There 
are different types of random-number generators that can be used when conducting an 
experiment, such as random-number tables, phone books (use last four digits of phone numbers), 
certain mathematical functions, and the physical drawing of objects from a set group. 
Probability Lab relies on a machine language routine that is extremely fast, very random, and 
does the success checking required. The traditional Applesoft BASIC random number function 
(RND) is not used because it would drastically increase the time required to complete an 
experiment. An experiment that takes only a few minutes to complete using Probability Lab 
would take several hours to complete if done using Applesoft BASIC. For all practical purposes, 
you should find that the random-number generator employed in Probability Lab is very random 
and quite valid. 


Some suggested problems for solution and worksheets for investigation are included in this 
manual. Teachers are encouraged to develop their own problem sets and worksheets to fit their 
curriculum needs and to match their teaching styles. When students raise questions about “What 
if?” and no suitable worksheet exists, encourage them to make a table and keep track of their 
findings in an organized way. 


Finally, remember that Probability Lab is a utility and can serve as an excellent tool to use in 


your study of probability to test hypotheses, develop concepts, verify principles, and model real- 
world situations. 
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FLIP COINS 


Background Information 


Flipping coins is the most common type of experiment used in probability. It is also a very 
common activity used to break ties, to decide who will be first, and, in football, to determine 
which team kicks off. Because a coin flip can only result in two possible outcomes, it is often 
referred to as binomial probability. The simplicity of coin flipping makes it an excellent way to 
introduce students to experimental probability. Coins can be used to simulate many real-life 
experimental situations involving such conditions as yes/no, true/false, male/female, and on/off. 


Designing a Coin Experiment 


When Flip Coins is selected on the main menu, the settings will default to those shown in 
Figure 1. To make changes, respond with a “Yes.”” Coin experiments can use up to 10 coins and 
success can be defined in several ways. The example shown in Figure 2 is keeping track of all 
trials, using 3 heads as successes. The counters at the top of the screen keep track of the number 
of successes and trials completed. An experiment can have up to 1,000,000 mals. 


Flip Coins: Current Settings 


Flip 3 coins. Repeat 10000 times. 
Count all the triais with exactly 3 
heads. 


Do you want to make any changes? 


kzj No 


Use arrows to move. Press Return. 


Figure 1 


At the conclusion of an experiment, the 
actual success 1s printed. If the options 
to predict success and show expected 
success are on, these are also displayed 
(Figure 3). The steps in running any coin 
experiment are like those used in the 
experiment illustrated on pages 9-14. 


Successes 


ed 
Trials completed | = wi wh 


TRH 
@ 


Outcome: 2 heads and i tail 


Space Bar: Next trial A: Auto mode 
E: Exit © ?: Status 


Figure 2 


Successes 
Trials completed {| 10000 


Success was all the trials with 
exactly 3 heads. 


Predicted _ 
success xe 


Actual 
success 


Expected —_ 


success 
P: Print 7: Settings 


Figure 3 


, FLIP COINS (continued) 


\ 


The settings that can be changed in a coin experiment are shown in Figure 4. When necessary, 
instructions and prompts will be given to guide you in making changes. 


i h Settings 
Flip Coins: Change Se g Flip Coins: Define Success 


= 3 
Coins used (1-10) 3 | Count all trials with: 


no more than n heads Cor tails) 


exactiy n heads Cor tails> 


Number of trials 10000 


Success is #H=-3 
at least n heads Cor tails> 


Predict success? Yes all coins alike <either H or T) 


Show Pisuccess)? Vem at least x heads and y tails 


Do not define success 


Arrows to move, Space Bar to change 


S: Start experiment Use arrows to move. Press Return. 


Figure 4 Figure 5 


Coins used (1 - 10): Up to 10 coins can be flipped in each trial of your experiment. 


Number of trials: When this number is reached, the experiment will end. This number 
(maximum of 1,000,000) can be limited using Teacher Options (see page 17). 


Success is: This setting defines a successful trial (Figure 5). Prompts and instructions will take 
you through the selection process. A mathematical expression representing your selection is 
shown on the “Change Settings” screen. In the screens above, #H=3 means “Count all trials 
with exactly 3 heads.” If “Do not define success” is selected, you must do your own check for 
success after each mal. 


Predict success?: This option appears when designated as a “student option” in Teacher 
Options (see pages 17-18). It allows you to predict the probability of success before running the 
experiment. At the end of the experiment, the prediction is then printed along with the actual 
rate of success. 


Show P(success)?: This option appears when designated as a “student option” in Teacher 
Options (see page 18). When this option is exercised, the expected (theoretical) probability of 
success is shown at the end of the experiment. The primary method used to calculate the 
expected success in coin experiments is Pascal’s Triangle, which readily gives the possible 
outcomes for different numbers of coins. 
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FLIP COINS (continued) 


Time Tables for Coin Experiments 


The time needed to complete an experiment in “auto mode” depends on the number of trials, the 
number of coins flipped in each trial, and the computer being used. The definition of success 
does not influence the time required. 


Approximate Times for an Apple //e, Apple IIc, or Apple IIGS (normal speed) 


coins trials trials trials trials trials trials trials 
6 | 0:00:04 | 0:00:20 | 0:00:40 | 0:03:16 | 0:06:32_| 0:32:37 | 1:05:14 _| 
8 | 0:00:05 | 0:00:24 | 0:00:48 | 0:03:56 | 0:07:52 | 0:39:19 | 1:18:38 
9 | 0:00:06 | 0:00:26 | 0:00:52 | 0:04:16 | 0:08:32 | 0:42:39 | 1:25:18 


Approximate Times for an Apple IGS (fast speed) 


a | = 
coins | mials trials trials trials trials trials trials | 
0:12:48 
3 
: 
° 8 


0:00:02 
0:31:36 


ww Note: The use of an accelerator card can further reduce the umes. An Apple Ic Plus is slightly 
faster than the Apple UGS set at fast speed. oy 


FLIP COINS (continued) 


Some Coin Problems 


1. 


Flip 1 coin a total of 100 times. What percent of the flips were heads? Now flip the coin 
1,000 times. What percent of the flips were heads? Repeat for 5,000 flips and 10,000 flips. 
Do you notice any trend in the rate of success as the number of flips increases? 


If you flip two coins, what is the probability that both coins will be alike (either both heads or 
both tails)? Repeat the experiment, using different numbers of coins. 


Flip 2 coins at a time. Find the probability that a) both coins will be heads, b) both coins will 
be tails, and c) one coin will be a head and the other a tail. Make a drawing of all 

the possible ways that 2 coins can land (this is called a sample space). Can you find a 
relationship between your experimental outcomes and the sample space you constructed? 


A family has 7 children. What is the probability that: a) exactly 3 of the children are boys? 
b) all the children are girls? c) there are at least 2 boys and 2 girls? 


What happens to the probability of getting all heads as the number of coins increases? Start 
with 1 coin and find the probability of getting a head. Then repeat the experiment using 2 
coins and record the probability of getting 2 heads. Repeat this for 3 through 10 coins. 


Flip an even number of coins (2, 4, 6, 8, and 10) and investigate the probability of getting an 
equal number of heads and tails as the number of coins increases. 


Flip 5 coins at a time and find the probability of getting no more than 2 heads (#H < 2). Now 
repeat the experiment and find the probability of getting exactly 3 heads (#H = 3). Finally, 
repeat the experiment and find the probability of getting at least 4 heads (#H 2 4). Do you 
notice anything special about your findings from these three experiments? 


. A student forgot to study for an important test consisting of 10 True/False questions. When 


taking the test, the student had no idea of what the correct answers were, so each answer was 
only a guess. In order to pass the test, a score of 7 or more correct was required. What is the 
probability that the student passed the test? 
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ROLL DICE 


Background Information 


The standard six-sided die as we know it today has been around for more than 3500 years. It was 
often used as a device for settling disputes and dividing property. In the Bible, this practice is 
often referred to as the “casting of lots.”” Dice were also used in various games of chance, and 
the science of probability evolved from questions regarding the chances of winning these games. 
Such noted mathematicians as Galileo and Pascal carefully researched dice games for friends 
that wanted to discover ways to improve their chances at winning. Today, dice still provide an 
interesting model for studying probability. 


Designing a Dice Experiment 


When Roll Dice is selected on the main menu, the settings will default to those shown in 
Figure 1. To make changes, respond with a “Yes.” Dice experiments can use up to 10 dice and 
success can be defined in several ways. The example shown in Figure 2 is keeping track of all 
trials with all dice different as successes. The counters at the top of the screen keep track of the 
number of successes and trials completed. An experiment can have up to 1,000,000 trials. 


Successes 
Roll Dice: Current Settings Trials completed (rm emmmman 


Roll 5S dice Ceach die has 6 faces). 
Repeat 10000 times. Count all 
trials with all dice different. 


Do you want to make any changes? 


No 
ouneees oe 


cS LORNA Sy TROT SIE (te GH REEDS UTES G8 54 EU OR MIME At SOREN ag LC HTS aX CEES i meee 
Space Bar: Next trial A: Auto mode 
Use arrows to move. Press Return. E: Exit 7: Status 


Figure 1 Figure 2 
Successes 
: : Trials completed 
At the conclusion of an experiment, the nce ener TTT aT 
actual success is printed. If the options dice diffencot. gear 
to predict success and show expected 
success are on, these are also displayed Predicted _ 
success 


(Figure 3). The steps in running any dice 
experiment are like those used in the 
experiment illustrated on pages 9-14. 


Actual 
success 


Expected 
success 


Press SPACE BAR to continue 
P: Print ?: Settings 
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Y ROLL DICE (continued) 


The settings that can be changed in a dice experiment are shown in Figure 4. When necessary, 
instructions and prompts will be given to guide you in making changes. | 


| Roll Dice: Change Settings Roll Dice: Define Success 


Dice per roll (1-10) EI Count ail trials with: 


Faces per die (2-20) 6 <dots> es ee an n Udie value 


exactly n Cdie value 
Number of trials 10000 at least n Cdie vailuel 


#C63s < 2 all dice alike 


Success is = 
all dice different 
Predict success? Yes the sum of the dice 
Show P(success)? Yes Do not define success 
Arrows to move, Space Bar to change Use arrows to move. Press Return. 
S: Start experiment ; 


Figure 4 Figure 5 


Dice per roll (1 - 10): Up to 10 dice can be rolled in each mal of your experiment. 


Faces per die (2 - 20): This setting lets you customize your dice so that each die has from 2 to 
20 numbered faces. If you choose 6 faces (standard die), they may be either dotted or numbered. 


Number of trials: When this number 1s reached, the experiment will end. This number 
(maximum of 1,000,000) can be limited using Teacher Options (see page 17). 


Success is: This setting defines a successful tal (Figure 3). Prompts and instructions will take 
you through the selection process. A mathematical expression representing your selection is 
shown on the “Change Settings” screen. In the screens above, #[6]s < 2 means “Count all trials 
with no more than 2 [6]s.” If “Do not define success” is selected, you must do your own 
check for success after each mial. 


Predict success?: This option appears when designated as a “student option” in Teacher 
Options (see pages 17-18). It allows you to predict the probability of success before running the 
experiment. At the end of the experiment, the prediction is then printed along with the actual 
rate of success. 


Show P(success)?: This option appears when designated as a “student option” in Teacher 
Options (see page 18). When this option is exercised, the expected (theoretical) probability of 
success is shown at the end of the experiment. A variety of recursive counting methods are used 
in making these calculations. 
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ROLL DICE (continued) 


Time Tables for Dice Experiments 


The time needed to run an experiment in “auto mode” depends on the number of trials, the 
number of dice being rolled in each trial, the type of success checking (using sums increases the 
times slightly), and the type of computer being used. In the following tables, standard dice with 
6 faces and the success check of “exactly 1 [six]” was used. 


Approximate Times for an Apple //e, Apple IIc, or Apple IIGS (normal speed) 


ete eee eee 
—s trials trials trials trials trials trials trials 

ae eee ee ee 
3_| 0:00:04 | 0:00:16 | 0:00:32 | 0:02:37 | 0:05:13 | 0:26:03 | 0:52:06 _ 
| 6 | 0:00:05 | 0:00:24 | 0:00:47 | 0:03:53 | 0:07:46 | 0:38:46 | 1:17:32 _| 
8 | 0:00:06 | 0:00:29 | 0:00:57 | 0:04:45 | 0:09:29 | 0:47:25 | 1:34:50 __ 
| 9 | 0:00:07 | 0:00:32 | 0:01:03 | 0:05:12 | 0:10:23 | 0:51:51 | 1:43:42 


Approximate Times for an Apple IGS (fast speed) 


dice trials trials trials trials trials trials trials 

4 | 0:00:02 | 0:00:08 | 0:00:15 | 0:01:13 | 0:02:26 | 0:12:08 | 0:24:16 
6 | 0:00:02 | 0:00:10 | 0:00:19 | O:01:34 | 0:03:08 | 0:15:36 | 0:31:12 
8 | 0:00:03 | 0:00:12 | 0:00:23 | 0:01:55 | 0:03:49 | 0:19:05 | 0:38:10 _ 
| 9 | 0:00:03 | 0:00:13 | 0:00:25 | 0:02:06 | 0:04:11 | 0:20:52 | 0:41:44 | 
(10 | 0:00:03 | 0:00:14 | 0:00:28 | 0:02:17 | 0:04:33 | 0:22:43 | 0:45:26 _| 


Note: The use of an accelerator card can further reduce the times. An Apple Ic Plus is slightly 
faster than the Apple IGS set at fast speed. 30 


— ROLL DICE (continued) 


Some Dice Problems 


iy 


10. 


ee 


Roll a single six-sided die several times and note the probability of getting a [1]. Repeat the 
experiment for each of the other face values [2], [3], [4], [5], and [6]. How do the outcomes 
compare? : 


Roll 2 six-sided dice and note the sum of each trial. Sums will range from 2 to 12. Are the 
chances of getting a sum of 2 any different than getting a sum of 7? 


Roll 2 six-sided dice and note the sum of each trial. Are the chances of getting an odd- 
numbered sum any different than the chances of getting an even-numbered sum? Why or 
why not? 


. Roll 10 twenty-sided dice and note the sum of each trial. What is the probability of getting 


the lowest possible sum (10)? Of getting the highest possible sum (200)? What possible 
sum seems to be the most frequently occurring sum? 


Roll 2 six-sided dice and note the sum on each trial. Can you design a series of experiments 
that will allow you to find the probability of getting a sum between 4 and 7 (4 < sum <7)? 


There are 7 people sitting at a table. Assuming that the chances of being born in any given 
month of the year are equal, what is the probability that everyone within this group of 
people was born in a different month? That everyone was born in the same month? That 

at least 3 of the people were born in January? That exactly 1 person was born in December? 
That at least 3 people shared the same birth month? 


A test consists of 10 multiple choice questions with 4 choices for each question. What is 
your chance of passing such a test (getting 6 or more questions correct)? 


Roll 5 dice at a time and note the sum of the dice. How many faces should the dice have in 
order to maximize your chances of getting a sum of 25? 


A marketing promotion involves giving away a set of 6 baseball cards featuring 6 different 
All-Star players. One card is placed in each box of Super Duper Corn Flakes. Assume that 
an equal number of cards were randomly placed in the boxes. How many boxes of cereal 
will probably have to be purchased in order to obtain a complete set of the 6 different 
baseball cards? (Hint: Use the “step mode”’ with a single six-sided die and check off the 
cards one at a time as you obtain them. Once you have the complete set, note the number of — 
trials that it took. Repeat the experiment several times and find the average number of 
boxes required.) 


The promotion in problem 9 was so successful that Super Duper Com Flakes decided to 
repeat the promotion with a set of 12 different baseball cards. How many boxes will it 
probably take to complete your set? 


A popular casino game called Chuck-a-Luck is played with 3 six-sided dice. A player bets a 
dollar (or some other amount) on one of the face values (1-6) appearing. As an example, 
assume that you bet $1 on the number 3 appearing. If one of the dice is a 3, you win $1. If 
two of the dice are 3’s, you win $2. If all three of the dice are 3’s, you win $3. Investigate 
the probabilities of losing your $1, winning $1, winning $2, and winning $3. Does this 
seem to be a fair game? If not, does the pane favor you or the casino? 


DRAW CARDS 


Background Information 


The exact origin of cards is not known, but evidence suggests that cards may have been 
developed in China in about the seventh century. Some of the earliest forms of cards were called 
Tarot cards and probably originated in Italy. The modern 52-card deck that has become the 

standard throughout the world was developed in France. Through the centuries, many different 
card games have been invented and it remains a very popular type of game. Because cards are so 
popular and the probability of winning various card games has been carefully studied, they are 


often used in the study of probability. 


Designing a Card Experiment 


When Draw Cards is selected on the main menu, the settings will default to those shown in 
Figure 1. To make changes, respond with a “Yes.”” Card experiments can draw up to 10 cards 
and success can be defined in several ways. The example shown in Figure 2 is keeping track of 
all trials with exactly 2 aces as successes. The counters at the top of the screen keep track of the 
number of successes and trials completed. An experiment can have up to 1,000,000 trials. 


Draw Cards: Current Settings 


Draw 2 cards at a time from a 

standard deck. Discard after 

each draw and reshuffle when 

needed. Repeat i0000 times. 

eps all the trials with exactly 2 
s. 


Do you want to make any changesT 


res iT 


Use arrows to move. Press Return. 


Figure 1 


At the conclusion of an experiment, the 
actual success is printed. If the options 
to predict success and show expected 
success are on, these are also displayed 
(Figure 3). The steps in running any card 
experiment are like those used in the 
experiment illustrated on pages 9-14. 


Successes [____27] 
Trials completed 


9 BERG Oh SS TREES. HUE VERRY 1 Of RENEE SINGR OT ueetICeT e+ 
Space Bar: Next trial 


Outcome: 1 CAI 
A: Auto mode 
E: Exit ?:; Status 


Figure 2 


Successes [_____42] 
Trials completed 10000 
AN CE: BED STAR SS a Gadan Assad 


AAG Sea RE BAALE HATA eee Lae: AS 
Success was ali the triais with 
exactiy 2 CAIs. 


Predicted _ 
success 


Actual 
success 


Expected 
success 


Press SPACE BAR to continue 
P: Print ?: Settings 
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DRAW CARDS (continued) . 


The settings that can be changed in a card experiment are shown in Figure 4. When necessary, 
instructions and prompts will be given to guide you in making changes. 


Draw Cards: Define Success 


Count all trials with: 


no more than n Ccard type] 


exactly n Ccard typed 


Draw Cards: Change Settings 


Cards drawn (1-10) § 


? after draw Discard 


Number of trials 10000 at least n Ccard typed 


Success is “Cclubis2>23 a UCspecific card] 


Do not define success 


Predict success? 


Show P<success)? 


Arrows to move, Space Bar to change Use arrows to move. Press Return. 


S: Start experiment 


Figure 4 Figure 5 


Cards drawn (1 - 10): Up to 10 cards can be drawn in each mal of your experiment. 


? after draw: This option can be set to “Reshuffle” (cards are replaced and the deck is 
shuffled between draws) or to “Discard” (cards are discarded after each draw and the deck is 
reshuffled when there are not enough cards remaining to make another draw). 


Number of trials: When this number is reached, the experiment will end. This number 
(maximum of 1,000,000) can be limited using Teacher Options (see page 17). 


Success is: This setting defines a successful mal (Figure 5). Prompts and instructions will take 
you through the selection process. A mathematical expression representing your selection is 
shown on the “Change Settings” screen. In the screens above, #[club]s = 3 means “Count all 
trials with at least 3 clubs.” If “Do not define success” is selected, you must do your own 
check for success after each trial. 


Predict success?: This option appears when designated as a “student option” in Teacher 
Options. It allows one to predict the probability of success before running the experiment (see 
pages 17-18). At the end of the experiment, the prediction is then printed along with the actual 
rate of success. 


Show P(success)?: This option appears when designated as a “student option” in Teacher 
Options (see page 18). When this option is exercised, the expected (theoretical) probability of 
success is shown at the end of the experiment. The hypergeometric formula is used in most 
cases to make this calculation. 
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DRAW CARDS (continued) | 


Time Tables for Card Experiments 


The time needed to complete an experiment in “auto mode” depends on the number of tals, the 
number of cards per draw, whether or not the cards are reshuffled after each draw, and the type 
of computer being used. Discarding after each draw results in faster times since the deck is 
reshuffled only when necessary. The tables below are for experiments with discarding. 


Approximate Times for an Apple //e, Apple IIc, or Apple IGS (normal speed) 


a ae 
trials trials trials trials trials trials trials 

0:18:42 
ee See eee 
6 | 0:00:06 | 0:00:30 | 0:00:59 | 0:04:55 | 0:09:50 | 0:49:06 | 1:38:12 
48: 

8 | 0:00:08 | 0:00:37 | 0:01:14 | 0:06:10 | 0:12:19 | 1:01:31 
9 | 0:00:09 | 0:00:43 | 0:01:25 | 0:07:06 | 0:14:11 | 1:10:53 


a Times for an Apple IGS (fast speed) 


5,000 10,000 | 50,000 100,000 500,000 | 1,000,000 
anal trials trials trials trials trials 


ee ee ee 
2 [0:00:02 | 00:06 | 0:00:12 | 0.00:59 | 0:01:58 | 0.0949 | 0:19:38 
ee ee 

Tra | 00097 | 0.18 | oor26 | 00252419 | 028.38 | 
ee 
6 ]0:00:03 | 0:00:12 | 00:24 | 0:02:00 | 0:05:59 | 19:55] 0:39:55 
[0:00:03 | 0:00:15 | 0:00:30 | 0:02:30 | 0:05:00 | 02457 | 09:54 
2 oonot | one |-a0035 {ons | o0s4s | o2sas | os30 


Note: The use of an accelerator card can further reduce the tmes. An Apple Ic Plus is slightly 


faster than the Apple IIGS set at fast speed. 34 
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DRAW CARDS (continued) 


Some Card Problems 


ie 


Draw 1 card from a standard deck. What is the probability that the card drawn is red? That 
itis adiamond? That itis a king? That it is the queen of spades? 


Draw 5 cards from a standard deck. What is the probability that the hand drawn will contain 
4 aces? 


Draw 5 cards from a standard deck. What is the probability of drawing a heart flush (all 5 
cards are hearts)? 


Draw 1 card from a standard deck. What is the probability that it is not an ace? 


Draw 5 cards from a standard deck. What is the probability that the hand does not contain 
an ace? 
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SPIN WHEELS 


Background Information 


Many forms of gambling are based on devices that feature spinning wheels that are spun and then 
stop on one item on the wheel. Examples of spinning wheels include the roulette wheel, slot 
machines, and the wheel of fortune. The wheels generally contain unequal amounts of different 
types of objects—pictures, numbers, and colors—and when a number of wheels are used together, 
certain combinations occur very infrequently. This is the basis for the modern-day slot machine. 
These machines usually have from 3 to 6 wheels and pay huge jackpots when all the wheels, once 
stopped, show a certain combination of items. Of course, the probability for certain combinations 
occurring is known and taken into consideration in determining the amounts paid. 


Designing a Wheel Experiment 


When Spin Wheels is selected on the main menu, the settings will default to those shown in 
Figure 1. To make changes, respond with a “Yes.”” Wheel experiments can use up to 5 wheels 
and success can be defined in several ways. The example shown in Figure 2 is keeping track of all 
trials with all objects alike as successes. The counters at the top of the screen keep track of the 
number of successes and trials completed. An experiment can have up to 1,000,000 mals. 


Spin Wheels: Current Settings 


Spin 3 wheels. Repeat 10000 
times. Count ali the triais with 
all objects alike. 


Do you want to make any changes 
and/or see the wheels? 


ves ht 


Use arrows to move. Press Return. 


Figure 1 


At the conclusion of an experiment, the 
actual success 1s printed. If the options 

to predict success and show expected 
success are on, these are also displayed 
(Figure 3). The steps in running any wheel 
experiment are like those used in the 
experiment illustrated on pages 9-14. 


Successes 


Cc D Cc 


Space Bar: Next trial : Auto mode 
E: Exit ?; Status 


Successes [____2271] 
Trials completed 10000 


Success was ali the triais with all 
objects alike. 


Predicted _ 
success 


Actual 
success 


Expected —_ 
success xs 


ORE RTA NaN MDE 91 VFI E HEE TREE NES ROORE FETE BOG 1b: REIN Se BERD MARR CIR GRE TIES) OCA oe KK 
Press SPACE BAR to continue 
P: Print 7: Settings 
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SPIN WHEELS (continued) 


The settings that can be changed in a wheel experiment are shown in Figure 4. When necessary, 
instructions and prompts will be given to guide you in making changes. 


Spin Wheels: Change Settings Spin Wheels: Define Success 
Wheels used (1-5) Count all trials with: 


Objects per wheel(i-20) 20 
exactiy n Cob ject type 
at least n Cobject typed 
all objects alike 

Success is #CAIs = 2 Do not define success 


See/Change wheels Yes 


Number of triais 10000 


Predict success? Yes 


Show PCsuccess)?7 Yes 


Arrows to move, Space Bar to change Use arrows to move. Press Return. 
S: Start experiment 


Figure 4 Figure 5 


Wheels used (1 - 5): You can spin up to 5 wheels at a time in each trial of your experiment. 


Objects per wheel (1 - 20): You can place up to 20 objects on each wheel. There are six 
different objects to choose from—[A|]pples, [B]Joats, [C]ars, [D]ucks, [E]lephants, and [F]lowers. 


See/Change wheels: This option allows you to see the current design of the wheels. If you 
would like a different distribution of objects, you can redesign the wheels yourself or let the 
computer do it. 


Number of trials: When this number is reached, the experiment will end. This number 
(maximum of 1,000,000) can be limited using Teacher Options (see page 17). 


Success is: This setting defines a successful trial (Figure 5). Prompts and instructions will take 
you through the selection process. A mathematical expression representing your selection is 
shown on the “Change Settings” screen. In the screens above, #[A]s = 2 means “Count all trials 
with exactly 2 [A]pples.” If “Do not define success” is selected, you must do your own check 
for success after each trial. 


Predict success?: This option appears when designated as a “student option” in Teacher 
Options (see pages 17-18). It allows you to predict the probability of success before running the 
experiment. At the end of the experiment, the prediction is then printed along with the actual 
rate of success. 


Show P(success)?: This option appears when designated as a “student option” in Teacher 
Options (see page 18). When this option is exercised, the expected (theoretical) probability of 
success is shown at the end of the experiment. Most of these calculations are made by 
multiplying the probabilities of a given event happening (or not happening) on each wheel and 
counting recursively all-the possibilities. e 


SPIN WHEELS (continued) 


Time Tables for Wheel Experiments 


The time required to complete an experiment running in “auto mode” will depend on the number 
of trials, the number of wheels being used, and the type of computer used. 


Approximate Times for an Apple //e, Apple IIc, or Apple IGS (normal speed) 


wheels trials trials trials trials trials — 
0:04:21 | 0:21:45 


Approximate Times for an Apple IGS (fast speed) 


ma 
a za aa ae trials a _—s trials 

/ 0:00:01 | 0:00:06 | 0:00:11 _ | 0:08:45 | 0:17:30 
ee ee 0:24:30 
0:31:34 
0:38:34 


5 0:00:03 | 0:00:14 | 0:00:28 0:02:18 |. 0:04:35 2255 0:45:50 


Note: The use of an accelerator card can further reduce the tmes. An Apple Ic Plus is slightly 
faster than the Apple IGS set at fast speed. 
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SPIN WHEELS (continued) 


Some Wheel Problems 


i 


A single wheel contains 20 objects (5 [A]pples, 5 [BJoats, 5 [C]ars, and 5 [D]ucks). What is 
the probability of getting an [A]pple? Of getting a [B]oat? Of getting a [C]ar? Of getting a 
[D]Juck? 


When you first access the Pick Wheels experiment, the default setting is set to simulate a 
standard three-wheel slot machine. What are the chances of getting 3 [A]pples? Of getting 3 
[BJoats? Of getting 3 [C]ars? Of getting 3 [DJucks? Of getting 3 [E]lephants? Of getting 3 
[F]lowers? 


Have someone design a single wheel containing 5 objects so you are not aware of what how 
many of each type of object are on the wheel. After running an experiment of your design, 
guess the makeup of the wheel. If incorrect, redesign the experiment and test again. 
Continue until you have correctly determined the exact makeup of the wheel. How many 
experiments did it take to get the right answer? Are there some tests that are better than 
others to help determine the makeup of the wheel? This game can be played with different 
numbers of objects. 


The weather report for the weekend says that the probability of rain on Friday is 20%, 
Saturday 30%, and Sunday 50%. Assuming that all these events are independent of each 
other, what is the probability that it will rain on all three days? On none of the days? On at 
least 2 of the days? (Hint: Design a wheel for each day with an appropniate amount of two 
different types of objects to represent “rain” and “no rain.”’) 


You are in a single-elimination arm wrestling tournament along with 15 other people. The 8 
first-round winners advance to the second round. The 4 winners in the second round advance 
to the third round. The 2 winners in the third round wrestle for the championship. If all 16 
contestants are all evenly matched and have the same chance of winning, whatisthe | 
probability that you will win the tournament? (Hint: Use 4 wheels with 16 divisions per 
wheel. Select one type of object to represent yourself and another type of object to represent 
the other contestants. Place the appropriate number of objects on each wheel to reflect your 
chances of winning at each round if you were to advance. Winning the tournament would 
mean having all 4 wheels stop on the object that represents you.) 


There is a stretch of highway through Randomsville that has 5 traffic lights. These traffic 
lights are set so that they are red 50% of the time, green 45% of the time, and yellow 5% of 
the time. The lights do not work together so you never knows what to expect when 
approaching a light. What is the probability of driving straight through Randomsville 
encountering only green lights ? Encountering all red lights? Encountering all yellow lights? 


Dr. Dunk of the Hoopsville Hoopsters basketball team makes 65% of his free throws. 
During a recent game, he attempted 5 free throws. What is the probability that he made all 5 
free throws? Missed all 5 free throws? Made exactly 3 out of the 5 free throws? Made at 
least 3 out of the 5 free throws? 
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DRAW MARBLES 


Background Information 


While drawing marbles is not the basis for any popular games, it does provide interesting models 
for studying probability. Different quantities and colors of marbles can be placed in a bag and 
then drawn out. The “sample space” for such an experiment is easy to visualize and most 
students readily understand that the chances are better to draw out some colors than others. This 
type of experiment allows you to experiment with events that have an unequal probability of 


- happening. 


Designing a Marble Experiment 


When Draw Marbles is selected on the main menu, the settings will default to those shown in 
Figure 1. To make changes, respond with a “Yes.” Marble experiments can draw up to 10 
marbles and success can be defined in several ways. The example shown in Figure 2 is keeping 
track of all trials with exactly 2 [A]s as successes. The counters at the top of the screen keep 
track of the number of successes and trials completed. An experiment can have up to 1,000,000 


- trials. 


Successes 


Draw Marbles: Current Settings ; 
Trials complet 


el 


ed 


Draw 2 marbles from i100 
marbles. Leave the marbies out 
and replace when needed. Repeat 
10000 times. Count all the trials 
with exactly 2 CAIs. 


©) 


Do you want to make any changes 
and/or see the marbies7 


resi No Outcome: 1 CAI 


(SPRY FREY ES CREA COSTER ht CREMP EREAEY OE ROLE KS LEGAL ERROR 86 EA TR AMEATE HORUS. $8 AEEOTOO RETIRES 6¢ GRMN aD Peds neSER SH 
Space Bar: Next trial A: Auto mode 


Use arrows to move. Press Return. E: Exit ?; Status 


Figure 1 Figure 2 

At the conclusion of an experiment, the Successes 05) 
actual success is printed. If the options Trials completed 
to predict success and show expected Success was all the trials with 
success are on, these are also displayed axuctiy < -OJs.- 
(Figure 3). The steps in running any marble 

3 4 ; Predicted _ 12% 
experiment are like those used in the success ~~ : 
experiment illustrated on pages 9-14. Spume: 


success iz 0.897% 


Expected —_ - 
success = 0.9% 


(De BN HG Di Oe Ae A AG HRN S TO PA OeSE ERTS yh Ute TReRERECETS ones ce 
Press SPACE BAR to continue 
P: Print ?: Settings 
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DRAW MARBLES (continued) 


P 
{ 
‘, 


The settings that can be changed in a marble experiment are shown in Figure 4. When 
necessary, instructions and prompts will be given to guide you in making changes. 


Draw Marbies: Change Settings Draw Marbles: Define Success 


Marbles drawn (1-10) [J Count all trials with: 

Total marbles (10-100) 100 
See/Change marbies Yes exactiy n Cmarbie type 

_7?. after draw Leave out at least n Cmarbie type 
Number of trials 10000 all marbles alike 

Success is #CCIs s 2 Do not define success 

Predict success? Yes 

Show PC(success)? Yes 


Arrows to move, Space Bar to change Use arrows to move. Press Return. 
S: Start experiment 


| Figure 4 Figure 5 


Marbles drawn (1 - 10): Up to 10 marbles can be drawn in each mal of your experiment. 


Total marbles (10 - 100): Between 10 and 100 total marbles can be used. There are six colors 
(types) of marbles—[A] violet, [B] green, [C] white, [D] orange, [E] blue, and [F] black. 


See/Change marbles: This option allows you to see the current distribution of marbles. If you 
are not satisfied with the current setup, you can redistribute the marbles yourself or let the 
computer do it. 


—?—after draw: Marbles can be “left out” or “put back” in the bag after each draw. 


Number of trials: When this number is reached, the experiment will end. This number 
(maximum of 1,000,000) can be limited using Teacher Options (see page 17). 


Success is: This setting defines a successful trial (Figure 5). Prompts and instructions will take 
you through the selection process. A mathematical expression representing your selection is 
shown on the “Change Settings” screen. In the screens above, #[C]s < 2 means “Count all trials 
with no more than 2 [C]s (white marbles).” If “Do not define success” is selected, you must 
do your own check for success after each mal. 


Predict success?: This option appears when designated as a “student option” in Teacher 

< Options (see pages 17-18). It allows one to predict the probability of success before running the 
experiment. At the end of the experiment, the prediction is then printed along with the actual 
rate of success. 


Show P(success)?: This option appears when designated as a “student option” in Teacher 
Options (see page 18). When this option is exercised, the expected (theoretical) probability of 
success is shown at the end of the experiment. Most of these calculations are based on the use of 
the hypergeometric formula. ai 
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DRAW MARBLES (continued) 


Time Tables for Marble Experiments 


The time needed to complete an experiment in “auto mode” depends on the number of trials, the 
number of marbles per draw, whether or not you are putting marbles back after each draw, and 
the type of computer used. Leaving marbles out after each draw is much faster because the 
marbles do not have to be mixed after each draw. The tables below are for experiments in which 
the marbles are left out after each draw. 


Approximate Times for an Apple //e, Apple Ic, or Apple IIGS (normal speed) 


drawn | trials trials trials trials trials trials trials 

6 | 0:00:06 | 0:00:27 | 0:00:54 | 0:04:30 | 0:08:59 | O:4a:55 | 1:29:50 
"8 | 0:00:07 | 0:00:34 | 0:01:07 | 0:05:33 | 0:11:06 | 0:55:29 | 1:50:58 
9 [000108 | 0:00:36 | O12 | 0:05:57 | O:ls4 | 0:59:26 | 1:58:52 


Approximate Times for an Apple IGS (fast speed) 


ot eee 
trials trials trials trials ce trials trials 

ee OnE ee 0:09:26 
3 | 0:00:02 | 0:00:07 | 0:00:14 | O:01:10 | 0:02:19 | 0:11:32 | 0:23:04 _ 
4 | 0:00:02 | 0:00:09 | 0:00:17_| 0:01:22 | 0:02:44 | 0:13:36 | 0:27:12 
6 | 0:00:03 | 0:00:11 | 0:00:22 | 0:01:49 | 0:03:38 | 0:18:09 | 0:36:18 
| 7 | 0:00:03 | 0:00:12 | 0:00:25 | 0:02:01 | 0:04:01 | 0:20:05 | 0:40:10 
8 | 0:00:03 | 00.14 | 0:00:27 | 00215 | 0.0429 | 0:22:25 | 0:44:50 _| 
| 9 | 0:00:03 | 0:00:15 | 0:00:29 | 0:02:25 | 0:04:49 | 0:24:01 | 0:48:02 
Tio [0:00:04 | 0:00:16 | 0:00:32 | 002:37 | 0513 | 0:2602 | 0:52:04 


Note: The use of an accelerator card can further reduce the tmes. An rosy Ic Plus is sli aoe 
faster than the Apple HGS set at fast speed. 
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DRAW MARBLES (continued) 


Some Marble Problems 


l 


A bag contains 50 violet marbles (type A) and 50 green marbles (type B). What are the 
chances of drawing out 2 marbles, both of which are violet? Both green? One of each 
color? 


A bag contains 100 marbles. There are exactly 20 marbles of each of 5 different colors. 
What are the chances of drawing out 2 marbles, both the same color? Of drawing out 2 
marbles, each a different color? 


A race has 25 cars built by four different manufacturers. There are 10 Fords, 8 Chevrolets, 5 
Buicks, and 2 Plymouths. Assuming that all the cars have an equal chance of winning, what 
is the probability that the first three cars to finish the race will all be Buicks? All 
Chevrolets? All Fords? All Plymouths? 


The Iceville Icers hockey team has won 54% of their games, lost 40% of their games, and 
tied 6% of their games. Assuming that they continue to play at the same level, what are the 
chances that they will win their next 5 games in arow? That they will lose their next 5 
games in arow? That they will tie their next 5 games in arow? That they will win at least 2 
of their next 5 games? 


The city of Videoville has 3 television stations. Thirty-nine percent of the population 
normally watches channel 3 (KWOW) evening news, 32% usually watches channel 7 
(KOOL) evening news, 23% watches channel 11 (KX YZ) evening news, and the remaining 
6% does not watch the evening news. During the ratings week, a sample poll is taken by 
randomly calling 10 people in Videoville during the evening news and asking which station 
they are watching. What is the probability that the sampling will find all 10 people watching 
channel 3 (KWOW)? Take 10 samplings of 10 calls each. Do the samples seem to reflect 
the known percentages that watch the various channels? 
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PICK NUMBERS 


*. Background Information 


For thousands of years picking numbers has been used as the basis for many games and 
activities. The simplest example would be picking a number between 1 and 10 to see who will 
have the first turn. Many games, including Lotto, Bingo, Keno, and state and national lotteries, 
are based on the principle of matching numbers. Today, lotteries are common throughout the 
world and take in millions of dollars each year, with about half of it returned to the bettors. 
Modeling and simulating a lottery is not an easy task. For this reason, it is not often used when 
studying probability. Probability Lab, however, simplifies this task immensely. 


Designing a Number Experiment 


When Pick Numbers is selected on the main menu, the settings will default to those shown in 
Figure 1. To make changes, respond with a “Yes.” Number experiments can pick up to 10 
numbers and success can be defined in several ways. The example shown in Figure 2 is keeping 
track of all trials with exactly 2 matches as successes. The counters at the top of the screen keep 
track of the number of successes and trials completed. An experiment can have up to 1,000,000 
trials. 


Successes Cl 
Trials completed 


2 "3. 6 7 8 9 10 
12 13 16 17 18 19 
22 26 27 28 29 
32 33 36 37 38 39 
N2 43 46 47 48 49 


Pick Numbers: Current Settings 


You pick 2 numbers out of 100 
numbers and the computer picks 
2 numbers. Repeat 10000 times. 
Count all the triais with exactly 2 
matches. 


32 33 536 37 38 539 


62 63 65 66 67 68 69 
72 73 76 7? 78 79 
82 83 85 86 87 88 89 
92 93 96 9397 938 99 


Outcome: i match 


Spece Bar: Next trial A: Auto mode 
E: Exit ?: Status 


Do you want to make any changes? 


Yesity 


Use arrows to move. Press Return. 


Figure 1 Figure 2 
At the conclusion of an experiment, the 
; : If th Successes [______—sésdgAdJ 
actual SUCCESS 1S printed. e options Trials completed [10000] 
to predict success and show expected Success wae alt the Crialc with a 
success are on, these are also displayed exactly 2 matches. 
(Figure 3). The steps in running a numbers 
: A 5 Predicted 
r experiment are like those used in the success —~ 
experiment illustrated on pages 9-14. ee 
success 
Expected 
success 
ee MN Tee OS 


P: Print 7: Settings 


Figure 3 


PICK NUMBERS (continued) 


The settings that can be changed in a numbers experiment are shown in Figure 4. When 
necessary, instructions and prompts will be given to guide you in making changes. 


Pick Numbers: Change Settings Pick Numbers: Define Success 


You pick (1-10) F3 number(s) Count all trials with: 


Computer picks (1-10) 6 number(s) 
exactiy n matches 


Total numbers €10-100) 34 
at least n matches 


Number of trials i1o000000 Do not define success 
Success is Matches = 6 
Predict success? Yes 


Show PCsuccess)7 Yes 


Arrows to move, Space Bar to change Use arrows to move. Press Return. 
S: Start experiment 


Figure 4 Figure 5 


You pick (1 - 10): You can pick up to 10 different numbers to be used throughout the 
experiment. The size of the numbers picked cannot exceed the total numbers used. 


Computer picks (1 - 10): This indicates how many numbers are randomly picked by the 
computer on each tial. 


Total numbers (10 - 100): This setting determines the range of numbers available from 1 to the 
value indicated. 


Number of trials: When this number is reached, the experiment will end. This number 
(maximum of 1,000,000) can be limited using Teacher Options (see page 17). 


Success is: This setting defines a successful trial (Figure 5). Prompts and instructions will take 
you through the selection process. A mathematical expression representing your selection is 
shown on the “Change Settings” screen. In the screens above, Matches = 6 means “Count all 
trials with exactly 6 matches.” If “Do not define success” is selected, you must do your own 
check for success after each trial. 


Predict success?: This option appears when designated as a “student option” in Teacher 
Options (see pages 17-18). It allows one to predict the probability of success before running the 
experiment. At the end of the experiment, the prediction is then printed along with the actual 
rate of success. 


Show P(success)?: This option appears when designated as a “student option” in Teacher 
Options (see page 18). When this option is exercised, the expected (theoretical) probability of 
success is shown at the end of the experiment. Most of these calculations are based on the use of 
the hypergeometric formula. 
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PICK NUMBERS (continued) 


Time Tables for Number Experiments 


The time needed to complete an experiment in “auto mode” depends on the number of mals, 
how many numbers are picked by you and the computer, and the computer being used. In the 
following tables, 100 numbers were used and the same “# of numbers” were used for both the 
“person picks” and the computer picks. 


Approximate Times for an Apple //e, Apple IIc, or Apple IIGS (normal speed) 


numbers| trials trials trials trials trials trials trials 

6 | 0:00:08) O:00:41 | 0:01:21 | 0643 | 0327 | LOTT | 21422 
8 0:00:11 | 0:00:53 | 0:01:46 | 0:08:50 | 0:17:39 | 12813 | 25626 
9 | 0:00:12, 0:01:00 | 0:02:00_| 009:57 | Oi958 | 13929 | 31858 


etsoaet Times for an Apple IGS (fast speed) 


ae ee ee eee 
numbers nee a trials trials trials trials trials 
4 
0:24:02 
6 [0:00:08 | 0:00:17 | 0:00:34 | 0:02:50 | 0:05:40 | 0:28:16 | 0:56:32 
8 | 0:00:05 | 0:00:23 | 0:00:45 | 0:03:43 | 0:07:26 | 0:37:07 | 1414 
9 | 0:00:05 | 0:00:26 | 0:00:51 | 0:04:12 | 0:08:23 | O41 | 1:23:82 
10 | 0:00:06 | 0:00:28 | 0.00:56 | 0:04:41 | 0.0921 | OMe | 1:33:28 


Note: The use of an accelerator card can further reduce the tmes. An Apple IIc Plus is slightly 
faster than the Apple IIGS set at fast speed. he 


PICK NUMBERS (continued) 


Some State and National Lottery Designs | 


This table contains the design of lotteries that are used in different states and countries. Lottery 
designs may change occasionally in order to generate more revenue and/or public interest. In 
lotteries, one must match all the numbers picked in order to win the grand prize (or to split it if 
there are multiple winners). Prizes can often reach several million dollars in size. Smaller cash 
prizes are also offered for matching most of the numbers. In some states, for example, if you 
pick 6 numbers and either 4 or 5 numbers are matched, you also win a cash prize. 


Here is an example of how a typical lottery is played. Assume you live in a state where a 6/6/40 
lottery is played. This means that you must pick 6 numbers on a ticket containing the numbers 
1-40. Your picks are then sent to a computer, and an official ticket is printed with your 6 picks 
listed. Tickets are sold throughout the state during the week for 50¢ to $1.00 each. At a set time, 
the sale of tickets ends and the 6-number drawing takes place. This is usually accomplished by a 
mechanical device containing 40 numbered balls that randomly picks 6 of the numbered balls. If 
your 6 numbers match the 6 numbers drawn at random by the lottery officials, you are a big 
winner! It is your responsibility, however, to bring in your winning ticket within a specified time 
period and claim your prize. 


The chances of winning most lotteries are quite slim! For example, your chances of winning a 
6/6/42 lottery when buying a single ucket is 1 in 5,245,786! If you simulate a lottery of this type 
using Probability Lab, be patient and, if possible, use several computers with identical settings 

~ and combine results. 


You Lottery Total You Lottery Total 
State or Country Pick Picks Numbers State or Country Pick Picks Numbers 
Arizona 6 6 42 New Jersey 6 6 46 
California 6 6 49 New York 6 6 40 
Colorado 6 6 42 New York 6 6 54 
Connecticut 6 6 44 Ohio 6 6 44 
Delaware 6 6 36 Oregon 6 6 44 
District of Columbia 6 6 39 Pennsylvania 6 6 48 
Florida >, 2 39 Rhode Island 5 > 40 
Florida 6 6 49 Washington 6 6 40 
Illinois 5 5 35 West Virginia 6 6 36 
Ulinois 6 6 54 Wisconsin 6 6 54 
Iowa 6 6 39 Lotto America 6 6 54 
Kansas 6 6 33 Oneida (WT) 6 6 36 
. Kentucky 6 6 42 Tn-State (ME,NH,VT) 6 6 40 
Maryland 6 6 44 Lotto (Canada) 6 6 49 
Massachusetts 6 6 36 El Gordo (Spain) 6 6 49 
Massachusetts 6 6 46 Norway 7 7 a5 
Michigan 6 6 44 Sweden i zy 35 
Missouri 6 6 48 West Germany 6 6 49 
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PICK NUMBERS (continued) 


Some Number Problems 


1: 


Do you have a lucky number between 1 and 10? Investigate the chances of your number 
being chosen and compare it to the other numbers between 1 and 10. 


There are 100 people at a banquet where a random drawing for two free vacations is held. 
What 1s the probability that the youngest person at the banquet will win one of the vacations? 
That both the youngest and the oldest persons at the banquet will win the vacations? 


If your state has a lottery, simulate playing the lottery. 


How much difference does it make to add one number to the total of numbers used in 

a lottery? Start by simulating 2 10/10/10 lottery (a lottery where there are 10 total 
numbers to pick from and where you pick 10 numbers that match the 10 numbers picked by 
the computer). Your chances of winning are excellent (100%)! Now change the design of 
the lottery to a 10/10/11, where you have 11 total numbers to pick from. What happens to 
the chances of winning? Continue increasing the total of numbers picked from and record 
your results. Would a 10/10/25 lottery be easy to win? 
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FLIP COINS (ALL HEADS) Name 


What happens to your chance of flipping all heads as you increase the number of coins 
used? 


Before doing the experiment, what do you predict will happen? 


Directions: ¢ Flip 1 coin 10,000 times and record how many times exactly 1 head occurs. 
¢ Flip 2 coins 10,000 times and record how many times exactly 2 heads occurs. 


¢ Repeat for 3, 4, 5, 6, 7, 8,9, and 10 coins and record your findings. 


Summarize your findings: 


tw Construct a graph with the number of coins being flipped (1-10) on the horizontal axis and the 
ic number of successes on the vertical axis. PA 


FLIP 5 COINS | Name 


When 5 coins are flipped, there are many different possible outcomes. If you were to 
examine the outcomes in terms of how many heads occurred, you would find there are six 
possibilities—exactly 0 heads, exactly 1 head, exactly 2 heads, exactly 3 heads, exactly 4 
heads, and exactly 5 heads. Which one of these ways (if any) is most likely to occur? 


Before doing the experiment, what do you predict will happen? 


Directions: ¢ Flip 5 coins 10,000 times and record how many times exactly O heads occurs. 
¢ Flip 5 coins 10,000 times and record how many times exactly 1 head occurs. 


¢ Repeat for exactly 2, 3, 4, and 5 heads and record your findings. 


# of heads Number Actual 
using Predicted of 
5 coins successes 


Summarize your findings: 


Construct a graph with the number of heads being checked for (0-5) on the horizontal axis and 
the number of successes on the vertical axis. 
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SUM OF TWO DICE Name 


Rolling 2 standard six-sided dice can produce sums that range from 2 to 12. Are the 
chances of getting the 11 different possible sums the same? 


Before doing the experiment, what do you predict will happen? 


Directions: ¢ Roll 2 six-sided dice 10,000 times and record how many times a sum of 2 occurs. 
¢ Roll 2 six-sided dice 10,000 times and record how many times a sum of 3 occurs. 
¢ Repeat for sums of 4, 5, 6, 7, 8,9, 10, 11, and 12. Record your findings. 


Number 
Predicted of 


successes 


Summarize your findings: 


wo Construct a graph with the sum of the dice (2-12) on the horizontal axis and the number of 
successes on the vertical axis. = 


SUM OF THREE DICE Name 


Rolling 3 standard six-sided dice can produce sums in the range of 3 to 18. Are the chances 
of getting the 16 different possible sums the same? | 


Before doing the experiment, what do you predict will happen? 


Directions: ¢ Roll 3 six-sided dice 10,000 times and record how many times a sum of 3 occurs. 
¢ Roll 3 six-sided dice 10,000 times and record how many times a sum of 4 occurs. 
¢ Repeat for sums of 5 through 18. Record your findings. 


Number Actual Number Actual 
Predicted of success Predicted of success 
success successes (%) success successes 


Summarize your findings: 


Construct a graph with the sum of the dice (3-18) on the horizontal axis and the number of 
successes on the vertical axis. 
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SOME QUESTIONS ABOUT PROBABILITY LAB 


Some experiments ask you to count how many trials it takes before a success occurs. 
Can this be done using Probability Lab? 


Yes, but only by using the “step mode” when running your experiment. As soon as the first 
success occurs, just note the number of trials completed and then exit. 


The definition for success that is needed for my experiment is not one of those available. 
Can I still use Probability Lab? 


You can still use Probability Lab to run your experiment, but you will have to do your own 
success checking and tallying on each individual trial. This will take time to do, but you will 
gain time in not having to physically produce each trial. If your experiment somehow involves 
counting specific objects or finding sums with dice, you can set up a success check that gives 
these outcomes for your convenience and just ignore the success counter. 


Another possibility is to set up an experiment that will produce the type of trials needed. Run at 
least 100 trials and then exit. You are then given the option to view or print a “sample space” of 
the first 100 trials from your experiment. You can then use these and apply your definition of 
SUCCESS. 


Some experiments have such a low probability of success that even running 1,000,000 trials 
might not produce a success. How can these situations be modeled? 


There are many situations using Probability Lab where this can happen. A good example would 
be a simulation of a state lottery using Pick Numbers. If you have a computer lab with several 
computers, you could set up the same conditions on each computer and then have students 
combine their results. Be sure in this situation that everybody has identical conditions and have 
a common recording sheet where each station can record their results. 


If you only have a few computers available, you could run as many trials as possible during a 
day (or let the computer run overnight) and accumulate results over the course of a week or two. 


Is it possible to design an experiment in which the probability of success is zero 
(impossible)? 


Yes, every type of experiment has many ways in which this can happen. For example, put 100 
red marbles in your bag and define success as drawing out a blue marble. 


Is it possible to design an experiment in which the probability of success is one (certain)? 
ey Yes, every type of experiment has many ways in which this can also happen. As an example, 


you could flip five coins and define success as getting no more than five heads (# of heads < 5). 
Since this will always be true, the probability es phcerss is Certain. 


SOME QUESTIONS ABOUT PROBABILITY LAB (continued) 


Why do some experiments seem to run faster in “auto mode” than others? 


There are several reasons why this happens. First of all, experiments using cards or marbles take 
longer because the cards and marbles are usually mixed up between draws. This is why the 
counters are updated every 100 trials when reshuffling cards or putting back marbles. The other 
types of experiments update the counters every 250 trials. Another factor affecting speed is the 
number of objects being used in the experiment. In most cases, the more objects used, the more 
time it will take. Finally, the time needed to do some success checks is more than for others. 


Is predicting success before running an experiment important? 


Prediction is an important part of the problem-solving process because it gets you to think about 
what a reasonable answer might be before you mun the experiment. As you gather information 
about the accuracy of predictions, estimation can be used in future predictions. 


I ran an experiment and there was quite a difference between the actual success and the 
expected success for the experiment. Is this typical or did something go wrong? 


First of all, the number of trials run is an important factor to consider. If you ran the experiment 
only a few umes, this difference should be expected. In some experiments, however, the 
probability of success is so low that it may take millions of trials before one could feel confident 
in their findings. In general, one can assume that the more trials run, the closer you can assume 
you'll be to the expected outcome. 


Also, keep in mind that experimental success and theoretical success are two different things. 
There are other factors that influence the experimental success of an experiment. For example, 
some people can flip coins a certain way so that heads will occur most of the time. Also, any 
time that random numbers are used, the true randomness of the outcomes can also be questioned. 
So one can expect differences to be present. 


It is important to try to develop a sense or intuition for both types of success, experimental and 
theoretical. Realizing that they will vary and discussing the reasons they vary will help students 
develop this intuition. 


Does using replacement (reshuffling cards, putting back marbles) produce different results 
when compared to similar experiments not using replacement (discarding cards, leaving 
out marbles)? 


No. The probability of an event happening when not using replacement depends on previous 
trials and, therefore, can vary from trial to mal. With a well-shuffled deck of cards or a well- 
mixed bag of marbles, however, the outcomes over the course of an experiment will average out 
to be the same. 
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USING A PRINTER WITH PROBABILITY LAB 


This product is initially set to work with an Apple printer with an Apple printer interface card. It 
is also set to search for the printer card and use no special printer commands. If you have this 
setup, you do not need to do anything further. 


If your printer uses a different setup from the one described above or if you need to-enter special 
printing commands, you must use the “Printer Support” option. 


The “Printer Support” option is found in Teacher Options. To access Teacher Options, type 
Control-A (hold down the Control Key and press the A key) while viewing the main menu. 
When you see the “Teacher Options” menu, select the “Printer Support” option (Figure 1). You 

_will then see the Printer Support menu, as shown in Figure 2. The current printer settings are 
shown at the top of the screen. 


Teachers Options Printer Support 
Current settings: 
Siot: Search slots 1 and 2 


. Turn Experiments On/Off Printer commands: none 
- Regulate Experiment Design 


- Restore Default Settings 


mPrenter Support 


m= Set printer siot 


- Specify printer commands 
- Restore original settings 
- Test printer setup 


Use arrows to move. Press Return. 
Escape: Teacher Options 


Use arrows to move. Press Return. 
Escape: Main Menu 


Figure 1 Figure 2 
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USING A PRINTER WITH PROBABILITY LAB (continued) 


Option 1, “Set Printer Slot,” enables you to specify the slot number in which the printer interface 
card is located (Figure 3). | 


Option 2, “Specify Printer Commands,” allows you to enter commands that enable certain types 
of printers to operate and permits special printing formats. These special commands are listed in 
the manufacturer’s printer or interface card manual. Figure 4 shows the special command you 
could enter to produce “ultracondensed”’ printing (17 cpi) on an Apple Dot Matrix, Apple 
Imagewriter, or Apple Scribe printer. To enter special commands, type the exact characters 
required. When finished, type “ (Shift-6) to end. 


Set Printer Slot 
Specify Printer Commands 


ESC Q 


Mm Slot 1 <cApple /7c or IIGS>) 


- Sleot 2 
- Search siots 1 and 2 
- Slot 4 
- Slot S 
- Slot 6 
- Slot 7 


Are these commands correct? 


ie No 


Use arrows to move. Press Return. 
Escape: Printer Support 


Use arrows to move. Press Return. 
Escape: Printer Support 


Figure 3 Figure 4 


Here are some other frequently used special commands for the Apple Dot Matrix and 
Imagewriter printers: 


Pica (10cpi) Elite (12 cpi1) 


Escape N Escape E 


Do not set up your printer to use a proportional font. This setting will cause printed reports to be 
formatted incorrectly. 


Option 3, “Restore Original Settings,” returns all printer settings to their original state. The 
original settings are to search slots 1 and 2 and not to use any special printer commands. 


Option 4, “Test Printer Setup,” prints out all of the keyboard characters. If these characters are 
not printed correctly, check the settings on your printer, check to see whether your printer has 
been connected correctly, or look at your interface card manual for special commands. 


All changes made to the Printer Support settings are saved on the disk and are permanent until 
you use the Printer Support option again to change the printer settings. 
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Probability Lab was produced by a MECC development team that included Brian Nesse, Jane 
Peterson, and Craig Solomonson. 


Special thanks are extended to the following teachers and their students for assisting with the 
classroom testing of this package: 


David Jaeger and Bill Kast 
Cambridge Middle School - 
Cambridge, Minnesota 


Richard Larson 
Cambridge High School 
Cambridge, Minnesota 


TO THE READER 


MECC has made every effort to ensure the instructional and technical quality of this courseware 
package. Your comments—as user or reviewer—are valued and will be considered for inclusion 
in any future version of the product. Please address comments to: 


MECC Courseware Development 


3490 Lexington Avenue North 
St. Paul, MN 55126 
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MECC SERVICES | 


Since its inception in 1973, MECC has remained committed to serving education by listening 
and responding to the diverse and changing needs of students and educators. MECC promotes 
effective learning by GEVELOPIBE eae , Curriculum-based software in all major subject 
areas and by ing them affordable through a variety of purchase plans. Approximately one- 
third of the nation’s school districts have joined MECC through Direct License memberships, 
permitting them to duplicate MECC software products on site. MECC products are also 
available through authorized dealers nationwide or can be ordered directly from the MECC 
catalog. In tion to software products, MECC offers instructional management, emerging 
technology products, teacher training and development, and conferences. An academic research 
partnership, the MECC/University of Minnesota Center for the Study of Educational Technology, 
conducts a Meclaat h of studies on the impact of technology on education. MECC respects the 
challenges faced by modern educators and pledges to remain on the cutting edge of technology. 


¢ MECC Educational Computing Catalog 
A catalog containing descriptions of instructional computing courseware as well as 
training and planning materials is published annually and distributed at no charge. To 
request a catalog, write or call MECC Customer Services. 


¢ MECC Etc. Catalog 
A catalog featuring “Emerging Technologies in the Classroom,” such as laser videodisc 
players and LCD computer projection systems, is jae twice a year and distributed at 
no charge. To request a catalog, write or call MECC Customer Services. 


¢ MECC Memberships 
Educational institutions may become MECC Members, which qualifies them to obtain 
MECC courseware and training at specially reduced prices. To learn more about MECC 
Memberships, write or call MECC Marketing. 


¢ Training and Staff Development Programs 
MECC conducts educational computing workshops for educators throughout the United 
States. For information on workshop schedules or to arrange a special training activity, 
write or call MECC. 


¢ MECC Network Newsletter 
MECC publishes a newsletter ouang the school year that focuses on MECC activities, 
services, and products. To be added to the mailing list, simply write or call to indicate 
your interest. 


Help Line 
If you have any problems using MECC software: 
1) make note of the name and version nwnber of the product; 


2) note the brand and model of the equipment involved, as well as the type of printer 
card used if the problem concerns a printer; and 
3) write or call the Help Line to describe the problem. 


For information on all the above items, use the MECC General Information 
telephone number: 612/481-3500. 


MECC 


3490 Lexington Avenue North 
St. Paul, MN 55126 
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